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(57) ABSTRACT 

The invention relates to a method and to a device for 
generating 3D images, according to Which an image of a 
second sequence of images is generated in addition to an 
image of a ?rst sequence of 2D images at an interval that can 
be determined via an approximation variable (ot). Ameasure 
of similarity (dk) betWeen successive images of the ?rst 
sequence is determined and compared With threshold values 
(6O<61<62) so as to modify the approximation variable (or) 
depending thereon in such a manner that the stereo base 
Width does not turn unnaturally large. Aphase analyzer (12) 
is used to determine a prevailing direction of movement in 
successive images of the ?rst sequence of images and a 
phase converter (16) is used to allocate the image of the ?rst 
and second sequence of images to a left-hand or right-hand 
vieWing channel depending on a prevailing direction of 
movement in successive images of the ?rst sequence. 
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METHOD AND DEVICE FOR GENERATING 3D 
IMAGES 

[0001] The invention relates to a method and a device for 
the generation of 3-D images. 

[0002] Three-dimensional imaging is often used to ana 
lyZe objects, particularly in the ?elds of medicine and 
science. Various methods With Which television pictures in 
particular can be produced in three dimensions have also 
been developed for general consumer applications. 

[0003] Among said methods, there is a basic distinction 
betWeen sequential image transmission, in Which the images 
for the right eye and the left eye are transmitted alternately 
one after the other or saved to a storage medium, and parallel 
transmission, in Which the images are transmitted on tWo 
separate channels. 

[0004] One particular disadvantage of sequential image 
transmission in connection With conventional television 
systems is the fact that the refresh rate is reduced to 25 
images per second for each eye. This creates an unpleasant 
?ickering for the vieWer. Of course, this limitation does not 
occur When the image sequences are each transmitted on 
their oWn channel (left or right). HoWever, problems may 
still arise With synchroniZing both channels and due to the 
requirements placed on the receiver, Which must be able to 
receive and process tWo channels simultaneously. This is not 
possible for most systems generally available on the market. 

[0005] Signal transmission and processing Will likely be 
entirely digital in future television systems. In such systems, 
every image is broken doWn into individual piXels Which are 
transmitted in digitiZed format. In order to reduce the 
bandWidth required for this process, the appropriate com 
pression methods are used; hoWever, these create problems 
for stereo transmission. 

[0006] For eXample, using block coding methods With a 
reasonable rate of compression, it is generally not possible 
to reconstruct every individual line of an image precisely. In 
addition, interframe coding techniques, such as MPEG-2, do 
not alloW one to transmit or save stereo images in a 

sequential image format, because image information from 
one image is still contained in another image, creating the 
so-called “crosstalk effect”, Which makes clear separation of 
the right image from the left impossible. 

[0007] Other methods for generating a three-dimensional 
image sequence from a tWo-dimensional image sequence are 
disclosed in DE 35 30 610 und EP 0 665697. An autoste 
reoscopic system With an interpolation of images is dis 
closed in EP 0 520 179, Whereas in “Huang: Image Sequence 
Analysis” (published in Springer Verlag) problems of the 
recognition of motion areas in image sequences are dis 
cussed. 

[0008] Therefore, the problem behind the invention is to 
create a method and a device of the type speci?ed in the 
introduction With Which it is possible to generate 3-D images 
With a very natural three-dimensional image impression 
even if using the transmission and/or compression methods 
described in the introduction. 

[0009] This problem has been solved With a method 
according to claim 1 and a device according to claim 10. 

[0010] The dependent claims contain further advanta 
geous embodiments of the invention. 
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[0011] Additional details, features, and advantages of the 
invention may be seen from the folloWing description of a 
preferred embodiment With reference to the draWings. They 
shoW: 

[0012] FIG. 1 a schematic block diagram of circuitry 
according to the invention; 

[0013] FIG. 2 a graphical representation of an actual 
image sequence and of a scanned image sequence; 

[0014] FIGS. 3a-c schematic representations of phase 
control in sequential images; and 

[0015] FIG. 4 a schematic block diagram of one imaging 
application of the invented device. 

[0016] The basic components of a device according to the 
invention and their interconnections are schematically rep 
resented in FIG. 1. The system comprises a ?rst input E1, 
through Which the tWo-dimensional images generated by a 
camera and transmitted across a transmission path are 
directed to an A/D converter 10 and digitiZed. The digitiZed 
images are then directed to an image storage device 11 and 
a phase selector 16. The images saved in the image storage 
device 11 are analyZed by a phase analyZer 12, the input of 
Which is connected to the image storage device 11 and the 
output of Which is connected to the phase selector 16. In 
addition, a long-term storage device 13 is connected to the 
image storage device 11 for storing images from this storage 
device and the output of Which is connected to an image 
generator 15. Furthermore, the image generator 15 is also 
connected to another output of the image storage device 11 
and of a motion analyZer 14, to Which images from the 
image storage device 11 are directed. In addition, the device 
comprises a second input E2 for manual motion control 
connected to the image generator 15, as Well as a third input 
E3 for manual phase control attached to the phase selector 
16. A right or left stereo image BL, BR is attached to tWo 
outputs of the phase selector 16, Which are connected to a 
?rst or second output A1, A2 of the device. 

[0017] A second image sequence is generated by this 
device based on a (?rst) image sequence recorded in tWo 
dimensions. Together With the ?rst image sequence, the 
second sequence makes it possible to vieW the originally 
tWo-dimensional images in three dimensions When the ?rst 
and second image sequences are transmitted to the left or 
right eye. The second image sequence is de?ned according 
to the folloWing description based on image information 
resulting from the motion in the ?rst image sequence. The 
folloWing de?nitions apply: 

[0018] Xij is a digitiZed image at time t With horiZontal 
resolution I and vertical resolution J. The scan rate is At, so 
that the folloWing formula is derived for an image scanned 
at time k and saved in the image storage device 11: 

xk.'=xij(t—Atk) 
[0019] The most recent K images are located in the image 
storage device 11 With length K. Oéoték is a real number 
representing the time interval of a given image Xk, during 
Which a (synthetic) image of the second image sequence is 
generated (“approximation variable”). In addition, BL rep 
resents the given displayed left image and BR the given 
displayed right image. 
[0020] It is assumed that a ?Xed value is given to 0t. The 
images Xk in the image storage device 11 are vieWed as 
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sample values (scanned image sequence according to curve 
b in FIG. 2) of a constant function (actual image sequence 
according to curve a in FIG. 2). Various methods of approxi 
mation may be applied to this function. The folloWing 
explanations relating to FIG. 2 refer to a linear spline 
approximation. HoWever, other methods of approximation 
may be used as appropriate; for example. higher-level or 
polynomial approximations. 

[0021] FIG. 2 shoWs a image sequence in tWo-dimen 
sional (I/J-) space. The second image sequence is calculated 
by the image generator 15 as folloWs: First, (Xu is calculated 
as the largest Whole number Which is smaller than 0t. Next, 
(x0 is calculated as the smallest Whole number Which is larger 
than 0t. So: 

[0022] Where the image sequence BL for a left vieWing 
channel (left eye) is calculated by the given actual images of 
the ?rst image sequence x0, x1, etc., and the (second) image 
sequence BR is calculated by approximation for a right 
vieWing channel (right eye). 

[0023] This calculation is performed separately by the 
image generator 15 for all of the pixels xij in a selected color 
space (ROB or YUV); that is: 

[0024] In addition, automatic phase control is performed 
by the phase analyZer 12 to determine movements in sequen 
tial images of the ?rst image sequence. It is assumed that 
jm:=J/2 is the horiZontal midpoint of an image, so xijm0 With 
Oéiél is the middle column of the image x0 at time t. 
Furthermore, M<jrn is a selected Whole number. Then: 

[0025] Will be de?ned as a scanned image, shoWn in 
vertical stripes in FIG. 3a. Said image comprises 2M+1 
columns s around the horiZontal midpoint jrn of the image x0. 

[0026] NoW, N is a ?xed number With N>M, so: 

X515 with OéiéI and jm-N§j§jm+N 

[0027] are de?ned as the search region (see FIG. 3b) in 
image x1, in Which the partial image With the greatest 
similarity to the scanned image xijOS is sought. 

[0028] d1 is the similarity of the scanned image to a partial 
image of equal siZe from the search region With a displace 
ment position 1, Where —N§ 1 §+N. 
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[0029] If cross-correlation is chosen as a measure of 
similarity, d, is the result for the displacement position 1: 

Formula (1) : 

t 1 

[0030] Here, the value of 1 ranges from —N to +N, Where 
1 represents the given displacement position of a partial 
image in the search region. 

[0031] As an alternative to cross-correlation, a Euclidean 
distance or an absolute amount may also be chosen as a 

measure of similarity. 

[0032] Thus, With this method, as indicated in FIGS. 3a 
and b, the scanned image xS (FIG. 3a) runs like a scanner 
across the search region (FIG. 3b) of the image x1 (previous 
image) and looks for the region With the greatest similarity 
d, to the scanned image, Where the similarity d, is calculated 
for every displacement position 1. 

[0033] In addition, a Whole number 6 is de?ned, Which 
may be called the moment of inertia and With Which blurring 
is de?ned according to FIG. 3c. This is used to alloW for 
camera movement Which should not be considered displace 
ment of the image. For the value of e, —1§e§1 approxi 
mately. 
[0034] This analysis is performed substantially as follows. 
First, all measures of similarity d1 for —N§ 1 §+N are 
calculated by the phase analyZer 12. Next, the measure of 
similarity drnrn is chosen With the smallest value (dmm:=min 
d1) and the index Irnrn of this measure of similarity is 
determined. The values Irnin and e are compared by the phase 
selector 16, and the phase selector 16 sWitches as a function 
of the results of the comparison as folloWs: 

[0035] If Imm<e, this means that the region of greatest 
similarity in the search region is displaced to the left, and 
thus the predominant direction of movement in sequential 
images x1, x0 of the ?rst image sequence is indicated from 
left to right. This may result from the movement of an object 
in the images from left to right or from the panning of the 
camera from right to left. In this case, for the left image 
BL:=xO (i.e., the given image of the image sequence) and a 
calculated synthetic image (second image sequence) is 
selected for the right image BR. In addition, a “shift” 
indicator is set to “left” in the phase selector 16. 

[0036] If Imin>e, this means that the region of greatest 
similarity in the search region is displaced to the right, and 
thus the predominant direction of movement in sequential 
images x1, x0 of the ?rst image sequence is indicated from 
right to left. This may result from the movement of an object 
in the images from right to left or from the panning of the 
camera from left to right. In this case, a calculated synthetic 
image (second image sequence) is selected for the left image 
BL and for the right image BR:=xO (i.e., the given image of 
the image sequence). In addition, the “shift” indicator is set 
to “right”. 

[0037] If |Imm|<e and the indicator is set to “right”, then a 
calculated synthetic image is selected for the left image BL 
(second image sequence) and for the right image BR:=xO 
(i.e., the given image of the image sequence). 
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[0038] Finally, if |Imin|<e and the indicator is set to “left”, 
then for the left image BL:=XO and a calculated synthetic 
image is selected for the right image (second image 
sequence). 
[0039] The next image is then accessed and the same 
process is repeated for this image, beginning With the 
calculation of the minimum value of the measure of simi 
larity d 

[0040] This automatic phase control or selection may also 
be sWitched off and, for example, replaced by manual 
sWitching using a keyboard via the device’s third input. 

[0041] Furthermore, the embodiment shoWn in FIG. 1 
comprises the motion analyZer 14. Which uses dynamic 
motion control or motion calculation to prevent the stereo 
base from becoming too large When there are large move 
ments. In addition, this ensures that a certain minimum 
Width of the stereo base is maintained during very sloW 
movements before it disappears in images Without any 
motion. The long-term storage device 13, from Which 
images are accessed and used as images of the second image 
sequence When the movements are too sloW, has been 
provided for this last purpose. 

[0042] The measure of similarity dk at time tk is de?ned as 
folloWs: 

Formula (2) : 

I J 

[0043] Therefore, this measure of similarity is a function 
of the extent to Which the entire contents of the next image 
in an image sequence differ from the contents of the previous 
image, and thus represents a measure of the speed of motion 
in the images. 

[0044] Threshold values 6O<61<62 are de?ned for the 
analysis of said measure of similarity, Where in the ideal case 
the measure of similarity dk=0 for an unchanged (constant) 
image at time tk in comparison to the previous image at time 
tk+1. HoWever, because there is alWays a certain amount of 
background noise during digitiZation, it should be assumed 
that dk<6O for an unchanged image. 

[0045] AEuclidian distance or an absolute amount may of 
course be chosen for the calculation instead of the cross 
correlation described. The individual color values of the 
selected color space RGB or YUV must alWays be processed 
separately. 
[0046] To analyZe the value of the measure of similarity dk 
(k=0, 1, . . . K), it is ?rst stored in the motion analyZer 14 
and then compared to the threshold values. 

[0047] If dk<60, this means that the movements in the 
sequential images are very sloW or nil. In this case, the 
transfer of the values of xk to the long-term storage device 
13 is stopped so that images Will be available Which have a 
sufficient motion differential. 

[0048] In addition, images stored in the long-term memory 
device are used to generate the second image sequence in 
order to maintain the minimum stereo base Width. 
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[0049] If dk>60, the value of the approximation variables 
0t Will change as a function of the siZe of the measure of 
similarity dk relative to the threshold values 60, 61, 62, as 
folloWs. 

[0050] If 6O<dk<62 and dk—dk_1 i —61 and as long as oték 
1, then the approximation variable is set at ot:=ot+s. 

[0051] If 6O<dk<62 and dk—dk_1>61 and as long as (x22 ist, 
then the approximation variable is set at ot:=ot—s. 

[0052] The character s denotes a step Width Which is 
preferably 0.1, hoWever, it can have other values as Well. 

[0053] If 6O<dk<62 and —61<dk—dk_1<61, then the approxi 
mation variable Will remain at (XZ=(X because the motion 
velocity is substantially constant. In this case, no adjustment 
is necessary. 

[0054] Finally, if 62<dk, this means that the movement is 
very fast and the stereo base Width Would be too large. In this 
case, the approximation variable is set at 0t: l/dk. 

[0055] This dynamic motion control can also be sWitched 
off like the automatic phase control and replaced by manual 
entry; for example, using a keyboard via the device’s second 
input. 
[0056] The method described Will preferably be imple 
mented using a data processing program on a computer, in 
particular a digital image processing system for the genera 
tion of a three-dimensional depiction of television pictures 
transmitted or stored in a tWo-dimensional format. 

[0057] In the folloWing, a prefered example With speci?c 
values shall be given for the above embodiment. In case of 
application of the knoWn PAL standard the horiZontal reso 
lution is I=576 and the vertical resolution is J =768, Whereas 
for the NTSC standard, I=480 and J=640 are prescribed. 

[0058] Generally it is suf?cient to store the last ?ve images 
in the image storage device 11 Which means K:<5. As an 
initial value (x0, the approximation variable is set to otO:=2.1. 
For an adequate analysis of motion in sequential images the 
value of M is set to 1 or 2. The value of N should be chosen 
such that even in case of fast motions the scanning image is 
still Within the search region. For this, a value of N of 
202N230 (especially N:=25) is adequate. HoWever, the 
value of N can as Well comprise the complete original image 
so that N:=J/2. 

[0059] For de?ning the blurring, a value of ez=1 is pro 
posed Whereas for evaluating the measure of similarity the 
folloWing values for the threshold values are preferably 
chosen: 6O:=0.05, 61:=0.6 and 62:=0.8. 
[0060] With an embodiment realiZed With these values a 
very natural three-dimensional reproduction could be 
obtained for image sequences With With very differently 
moving contents. 

[0061] Finally, FIG. 4 shoWs a block diagram of a device 
(stereo decoder or stereo vieWer) for the generation and 
depiction of 3-D images Which are calculated based on a 
sequence of 2-D images transmitted over a transmission path 
or accessed from a storage medium. 

[0062] The device comprises a ?rst input 21, to Which the 
2-D images transmitted across a transmission path and 
demodulated or decompressed according to knoWn tech 
niques are connected. In addition, there is a second input 22, 
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Which is connected to a DVD player, a video recorder, or 
another source of images, for example. 

[0063] Both of these inputs are connected to the invented 
device 23 according to FIG. 1, With Which 3-D images are 
calculated based on the sequence of 2-D images according 
to the detailed explanation above. The outputs A1, A2 of this 
device, to Which a sequence of left or right images BL, BR 
is connected, are connected to a stereo storage device 24, 25, 
in Which the images are stored for each channel. 

[0064] Finally, different driver levels can be selected via a 
third input 26 by activating a selector sWitch 27, by means 
of Which a corresponding image generator is controlled. 

[0065] For example, a driver 28 for simulator goggles 29, 
a driver 30 for an autostereoscopic monitor 31, and a driver 
32 for a stereo projector 33 are shoWn here. 

[0066] This device is preferably designed as a component 
of a digital image processing system for the generation of a 
three-dimensional depiction of television pictures transmit 
ted or stored in tWo dimensions. 

1. Method for the generation of 3-D images from a ?rst 
sequence of 2-D images by the folloWing steps: 

determining a ?rst measure of similarity (dk) betWeen 
sequential images of the ?rst image sequence and 
comparing this measure of similarity to predetermined 
threshold values (6O<61<62), 

if 61<dk<62 changing a pre-set approximation variable (0t) 
in such a Way that the stereo base Width does not 
become unnaturally large, and calculating an image of 
a second image sequence to an image of the ?rst 
sequence With a temporal distance, determined by the 
approximation variable (0t), from images temporally 
proximate to the image of the ?rst sequence, or 

if dk<60, reading out a temporally previous image of the 
?rst sequence from a long-term storage device (13) und 
using this image for the second image sequence, 

assigning the image of the ?rst and second image 
sequence to a left and right vieWing channel, repec 
tively, in dependence of a predominant direction of 
motion in sequential images of the ?rst sequence. 

2. Method according to claim 1, 

characteriZed in that if 61<dk<62 and dk—dk_1<—61 and as 
long as oték-l, the approximation variable is set to 
ot:=ot+s, and if 61<dk<62 and dk—dk_1>61 and as long as 
(x22, the approximation variable is set to ot:=ot—s. 

3. Method according to claim 1, 

characteriZed in that the measure of similarity (dk) is 
calculated by cross-correlation according to formula 
(2) or by determining a Euclidean distance or an 
absolute amount. 

4. Method according to claim 1, 

characteriZed in that the images of the second image 
sequence are calculated by linear spline approximation 
or a higher-level or polynomial approximation of all the 
pixels. 

5. Method according to any one of claims 1 through 4, 

characteriZed in that in order to determine the predomi 
nant direction of motion a vertical mid-region of a 
current image (x0) of the ?rst image sequence is 
compared to different vertical regions of a previous 
image (x1) of this sequence and it is determined 

May 29, 2003 

Whether the vertical region of the previous image With 
the greatest similarity to the mid-region of the current 
image is situated left or right of center. 

6. Method according to any one of claims 1 through 5, 

characteriZed in that in order to determine the predomi 
nant direction of motion a second measure of similarity 
(d1) betWeen the image regions is calculated by cross 
correlation according to formula (1) or by the determi 
nation of a Euclidean distance or an absolute value. 

7. Method according to claim 5 or 6, 

characteriZed in that a blurring region (6) With Which 
small movements can be suppressed is established 
around the mid-region of the current image (x0). 

8. Computer program comprising program code means 
for conducting the steps of a method according to any one 
of claims 1 through 7 if the program is run on a computer. 

9. Computer program comprising program code means 
for conducting the steps of a method according to any one 
of claims 1 through 7 Which are stored on a computer 
readable data carrier. 

10. Computer program product With a program code 
stored on a computer-readable carrier for conducting the 
steps of a method according to any one of claims 1 through 
7. 

11. Device for implementing a method according to any 
one of claims 1 through 7, characteriZed by 

an image generator (15), With Which an image of a second 
image sequence is generated to an image of a supplied 
?rst sequence of 2-D images, With a temporal distance 
Which can be predetermined by an approximation vari 
able (ot), Wherein the image of the second image 
sequence is calculated by approximation of images 
Which are temporally proximate to the image of the ?rst 
sequence, 

a phase analyZer (12), With Which the predominant direc 
tion of motion in sequential images of the ?rst image 
sequence is determined, and 

a phase selector (16), With Which the image of the ?rst and 
second image sequence is assigned to a left and right 
vieWing channel, respectively, in dependence of a pre 
dominant direction of motion in sequential images of 
the ?rst sequence. 

12. Device according to claim 11, 

characteriZed by a motion analyZer (14), With Which the 
measure of similarity (dQ betWeen sequential images of 
the ?rst image sequence is determined, and the approxi 
mation variable (0t) is changed in dependence of the 
result of a comparison to threshold values (6O<61<62) in 
such a Way that the stereo base Width does not become 
unnaturally large When there are fast motions. 

13. Device according to claim 11 or 12, 

characteriZed by a long-term storage device (13) for the 
storage of images of the ?rst image sequence, Which 
can be red out and used to generate images of the 
second image sequence in order to maintain a minimum 
stereo base Width When there are sloW motions in 
sequential images of the ?rst sequence. 

14. Digital image processing system for the generation of 
a three-dimensional depiction of television pictures trans 
mitted or stored in tWo-dimensional format With a device 
according to any one of claims 11 through 13. 

* * * * * 


